One hundred consecutive cases of confirmed anterior abdominal wall defect, identified prenatally in the Oxford Prenatal Diagnosis Unit over 11 years, were studied. Fifty nine per cent of cases were suspected omphaloceles and 41% suspected gastroschisis. Fifty four per cent of omphaloceles were accompanied by other defects compared with 5% of those with gastroschisis. Overall, 29% of fetuses with omphalocele had an abnormal karyotype, and of those with another abnormality identified on scan (excluding four cases with no karyotype performed), 54% had an abnormal karyotype. Of the 27 cases with suspected isolated omphalocele, 14 were live born, all of whom have survived. If the 11 whose parents opted for termination of pregnancy are excluded, survival to birth was 88%. Six of the suspected isolated omphaloceles have Beckwith Wiedemann syndrome (BWS). Eight (57%) of the live born babies with omphaloceles had major problems up to the age of 2, but only one (7%) has long term major problems. This child has BWS and is deaf.
Anterior abdominal wall defects (omphalocele and gastroschisis) are now frequently diagnosed prenatally using real-time ultrasound scanning. 1 2 Prenatal diagnosis allows for delivery in a centre with appropriate neonatal surgical facilities; it also allows parents time to come to terms with the fact that their baby has a malformation and to be prepared for the most likely clinical course following delivery. Accurate prenatal assessment may also indicate the presence of other structural anomalies or a chromosomal abnormality. Some parents may opt for termination of pregnancy, particularly when multiple abnormalities are present.
There have been many reports on antenatal detection of anterior abdominal wall defects and their association with other defects, [1] [2] [3] [4] [5] but information on survivors from prenatally diagnosed defects beyond the initial surgery is sparse. The purpose of this study was to assess the accuracy of the prenatal sonographic diagnosis of anterior abdominal wall defects and the likely pregnancy outcome, with particular emphasis on complications occurring in early childhood. This information should allow for more up to date and eVective counselling for the parents of a fetus identified before birth as having such a defect.
Methods
A retrospective study of all prenatally suspected and postnatally confirmed anterior abdominal wall defects seen and delivered between January 1985 and December 1995 in the prenatal diagnosis unit at the Oxford RadcliVe Women's Centre were identified from ultrasound records and the local Register of Congenital Malformations. These included cases booked for delivery in Oxford and also those referred for a second opinion from elsewhere in the Oxford Region. Cases were divided into four groups: suspected isolated omphalocele; suspected omphalocele plus other abnormality; suspected isolated gastroschisis; and suspected gastroschisis plus other abnormality.
Post mortem examination reports were obtained from those cases resulting in termination of pregnancy, intrauterine or neonatal death. For those pregnancies that continued and resulted in a live born child, information was obtained from the paediatric records, GP, and from a questionnaire on long term morbidity sent to parents.
Continuous variables were compared using the Wilcoxon two tailed test. The proportions of each birthweight centile were compared using Fisher's Exact Test (StatXact, Cytel, Cambridge, MA) and confidence interval analysis using CIA (Confidence Interval Analysis; Gardiner et al).
Results
There was a total of 101 cases with suspected anterior abdominal wall defects on ultrasound scanning during the study period (fig 1) . Among these was one false positive diagnosis of a suspected gastroschisis in one fetus of a twin pregnancy that was scanned initially at 13 weeks of gestation. Discordant growth was also present. Amniocentesis was performed at 15 weeks of gestation because of the mother's age (39 years). Intrauterine death of the smaller twin occurred at 17 weeks and spontaneous miscarriage of both fetuses at 20 weeks of gestation. Post mortem examination confirmed significant growth discordance and normal fetal anatomy in both twins.
In the remaining 100 cases the antenatally suspected anterior abdominal wall defects were confirmed after delivery. Among the 100 cases forming the study population for this report, 59 were suspected omphaloceles and 41 suspected gastroschises.
ANTENATALLY SUSPECTED OMPHALOCELES
Of the 59 omphaloceles, 27 (46%) were considered to be isolated lesions and 32 (54%) to have additional anomalies. The outcome of these pregnancies is shown in table 1.
Of the 59 antenatally suspected omphaloceles, 18 were live births. Of these, 14 were in fetuses with a suspected isolated lesion and four in fetuses with suspected omphalocele plus additional anomalies.
SUSPECTED ISOLATED AMPHOLOCELE
There were 27 antenatally suspected isolated omphaloceles. Examination following delivery confirmed an isolated omphalocele in 26; in the remaining case a gastroschisis was identified after termination of the pregnancy. Eleven cases resulted in termination of pregnancy, two intrauterine deaths, and 14 live births. Of the 11 terminated pregnancies, two had karyotypic abnormalities (one trisomy 13 scanned at 11 weeks before chorionic villus sampling; one trisomy 18 mosaic diagnosed at 20 weeks after amniocentesis performed because of a small, apparently isolated omphalocele. Post mortem examination confirmed the omphalocele and also identified bilateral talipes and overlapping fingers.) The two intrauterine deaths occurred at between 22 and 24 weeks of gestation; amniocentesis had been performed in both pregnancies.
Details of gestational age at delivery, mode of delivery, birthweight centile and length of hospital stay in this group are shown in table 2. Among the 14 live births in this group, seven had additional abnormalities identified postnatally. One of the seven with additional anomalies identified postnatally had a 4 × 3 cm anterior diaphragmatic hernia identified at 13 months of age when the child underwent surgery for revision of the abdominal wall scar. Six children in this group had BWS diagnosed because of omphalocele occurring with macrosomia (five of them had a birthweight greater than the 90 th centile); macroglossia ( all six, with one requiring surgical reduction in the first year); hypoglycaemia (3); naevus flammus (4); ear crease (3) .
Primary closure of the abdominal wall defect was performed in eight of the 14 cases. In a further five a two stage repair using a silactic silo before final closure was used. In the remaining case the abdominal defect was manually reduced.
Four of the 14 children have had no problems after their initial surgery. Two had inguinal herniae repaired and eight had major problems during the first two years; four related to BWS; one had a diaphragmatic hernia diagnosed (see above) repaired at 13 months; one had a hiatus hernia and major feeding problems requiring a gastrotomy up to age 12 months; two had major feeding problems and multiple operations, one requiring 12 operations and 22 weeks in hospital. Now aged 7, her mother describes her as a normal healthy child.
Longer term follow up of these children aged from 2 to 11 years (mean 6 years) shows that they are developing normally according to their parents and general practitioner and hospital records. All but one of those who have reached school age attend main stream schools. One child who has BWS attends a special school because of his deafness.
SUSPECTED OMPHALOCELE PLUS OTHER ABNORMALITY
Thirty two antenatally suspected omphaloceles were also thought to have additional anomalies. Examination after delivery confirmed an omphalocele in all cases. Fifteen of the 32 cases had associated karyotypic abnormalities and the remaining 17 cases had various associated structural abnormalities. Karyotypic abnormalities included trisomy 18 (10); trisomy 13 (3), and triploidy (2). Associated structural anomalies in the other 17 cases (13 of which had normal karyotype and four in which karyotyping was either not done or failed) included neural tube defects (6); amnion rupture (2); features of pentalogy of Cantrell (5); short cord and kyphoscoliosis (2); and bladder exstrophy (2) . Twenty seven pregnancies in this group resulted in a termination and one in a stillbirth.
Four live births occurred. The gestational age at delivery, mode of delivery, birthweight centile and length of hospital stay are shown in table 2. Associated anomalies, suspected prenatally and confirmed postnatally, included cloacal exstrophy in one case and diaphragmatic hernia plus congenital heart disease in three cases. The child with cloacal exstrophy, now aged 10 years, had an ileostomy and cystotomy performed at birth. She is developmentally normal but has continual orthopaedic problems with abnormal gait and repeated urinary infections.
The remaining three cases in this group all have features of pentalogy of Cantrell. This brings to six (two of which resulted in termination of pregnancy) the total number of cases with features of this syndrome in this series. Three of them have been reported before. 6 In the remaining three cases in this group neonatal death occurred from bronchopulmonary dysplasia-before surgery in one-the two surviving children with features of pentalogy of Cantrell have had multiple hospital admissions and repeated surgical procedures. One of them, a boy, was tube fed until the age of 2 years. Now aged 4, he has a gastrotomy and recently had a renal stone removed. In spite of the major feeding problems and surgery to abdominal wall and heart, his mother describes him as a cheerful and normal child who will soon start at a mainstream primary school.
ANTENATALLY SUSPECTED GASTROSCHISIS
Of the 41 antenatally suspected cases of gastroschisis, 39 were thought to be isolated lesions and two to be associated with other anomalies. The outcome of these pregnancies is shown in table 1.
There were 34 live births. All the live births were in babies with an isolated lesion suspected prenatally. Details of gestational age, mode of delivery, birthweight centile and length of hospital stay are shown in table 3. Mothers of babies with gastroschisis were significantly younger than mothers of babies with omphalocele (p < 0.001) (table 3). There were no significant diVerences in the gestational ages at diagnosis or delivery between the groups, although the birthweight in babies with gastroschisis was significantly lower than in babies with omphalocele (p<0.01).
SUSPECTED ISOLATED GASTROSCHISIS
The antenatal diagnosis was confirmed in all 39 cases. Five pregnancies were terminated. One baby died in the neonatal period (table 1) . In one case death occurred after surgical repair. A congenital heart abnormality was suspected but not confirmed, as permission for a post mortem examination was refused. Of the 33 survivors, 26 are now aged over 2 years. Twelve of the 26 (46%) have had no problems following surgical repair of the gastroschisis. Ten had minor problems up to the age of 2 relating to failure to thrive (3), ventral herniae (2), undescended testes (2), constipation (1) and respiratory illness (2) . Four had more serious problems up to the age of 2 years; one developed hydrocephalus of postnatal origin; one had an ileostomy performed for ileal atresia; and two had surgery for hiatus herniae. Three of the 26 children (12%) have long term problems; hydrocephalus of postnatal origin with slow development; double incontinence and slow development; an undiagnosed syndrome with dysmorphism and slow development.
SUSPECTED GASTROSCHISIS PLUS OTHER ABNORMALITY
Associated anomalies were suspected antenatally and confirmed postnatally in two cases. One fetus had cloacal exstrophy with gastroschisis confirmed on external examination, permission for post mortem examination having been declined; the other had severe kyphoscoliosis plus a missing arm (limb body wall complex). The pregnancy was terminated in both cases.
Discussion
Omphalocele and gastroschisis are usually considered to be distinct abnormalities. The aetiology of each is unclear and there is some controversy concerning pathogenesis. 7 Omphalocele is a midline anterior abdominal wall defect with herniation of the abdominal contents into the base of the umbilical cord. It is commonly associated with other abnormalities, particularly cardiac defects and aneuploidy. It may result from failure of migration of lateral and cephalic or caudal folds during the fourth to sixth week after fertilisation. 5 Gastroschisis is a (usually right sided) paraumbilical defect with evisceration of abdominal contents directly into the amniotic cavity. It may have a vascular cause. 8 The incidence of omphalocele of 2.5 per 10 000 live births 4 10 has probably remained static, although recently Tan et al 1 reported regional diVerences in England and Wales, with more occurring in the North. Chitty and Iskaros 11 have commented on the diYculties surrounding data collection, particularly for pregnancies that were terminated and for those associated with other malformations. In this study useful data on incidence can only be applied to the few local cases because those referred from other centres do not provide a defined population. For confirmed isolated omphalocele (including five terminated fetuses but excluding intrauterine deaths), there were seven local cases in a period when 71 500 deliveries were carried out, giving an incidence of 0.99/10 000. A similar calculation for gastroschisis gives an incidence of 1.3/10 000 in this population. If all local cases are included (including those with additional anomalies) the incidence for omphalocele is 3.2/10 000 and 1.4/10 000 for gastroschisis.
Like others we have seen an increase in the incidence of gastroschisis cases in recent years. 1 3 11 In this study there were 59 omphaloceles suspected antenatally, 54% of which had other malformations. Overall, 29% had confirmed abnormal karyotype with 11 (19%) due to trisomy 18. Ten of these resulted in termination of pregnancy and one in stillbirth, the mother having opted to continue her pregnancy after trisomy 18 was diagnosed at 17 weeks of gestation. A recent report from the Northern Region 13 showed similar experience, with 40% of omphaloceles being associated with other anomalies and 28% with abnormal karyotype. In our study, of those cases thought to be isolated lesions, one, scanned at 12 weeks of gestation had trisomy 13, and one with trisomy 18 mosaicism, scanned at 20 weeks in 1989, had talipes recorded at post mortem examination after the pregnancy had been terminated. Thus in cases thought to be isolated and scanned after the first trimester, the risk for trisomy 18 is low and, with improvements in scanning, may now be lower. In this tertiary referral centre accuracy of diagnosis was good; one case (scanned in 1987) thought to be an omphalocele, had a gastroschisis at post mortem examination following termination of pregnancy, and one case of suspected gastroschisis in a growth retarded twin who sustained intrauterine death was not confirmed. Although this study addresses cases identified prenatally, there has been only one unidentified case (an isolated omphalocele) born to a local mother who was scanned at the appropriate time.
Of those with suspected isolated omphalocele, 11 opted for termination of pregnancy, two resulted in intrauterine death, and 14 in live births. If the 11 terminated pregnancies are excluded the survival rate to birth was 88%. Six of the children with isolated omphalocele suspected prenatally were diagnosed postnatally as having BWS, 13 a very much higher percentage (33% of all live born omphaloceles) than that reported before. 1 3 11 Gastroschisis is usually an isolated lesion and not associated with karyotypic abnormality. The findings of young maternal age and low birthweight are consistent with previous studies.
1 5 10 In this study two out of 41(5%) cases of gastroschisis were associated with other major malformations; five pregnancies with isolated gastroschisis were terminatedall before 1988. One suspected case of isolated gastroschisis died in the neonatal period after surgery. A congenital heart defect was suspected, but permission for post mortem examination was refused. Overall survival rate for gastroschisis was 97%.
Clausner et al 14 recently carried out a 25 year review of 132 patients with anterior abdominal wall defects. They comment on improved results of surgery following the advent of prenatal diagnosis, partly because of selective abortion of the more severe cases with multiple abnormalities. They conclude that development and quality of life are not significantly reduced after survival of an isolated defect.
During the 11 years when these cases were seen, there have been major changes in scanning equipment and expertise as well as in obstetric and paediatric management of women known to be carrying a baby with such a defect. For example, all the cases resulting in termination of pregnancy for suspected isolated lesions occurred before 1991. Changes in obstetric practice are seen in the number of caesarean sections performed in diVerent years. Before 1990, 13 of 15 (87%) suspected isolated gastroschisis babies were delivered by caesarean section compared with five of 19 cases (26%) after 1990. In the suspected isolated omphalocele group four out of six (67%) babies delivered before 1990 were by caesarean section compared with two out of eight (25%) after 1990.
This study has shown that accuracy of antenatal diagnosis in a tertiary referral centre is good and, despite the fact that many babies have major clinical problems during the first two years of life, 93% of the babies born with an omphalocele and 88% of those with gastroschisis have no long term problems. Although the aetiology of both disorders remains debatable, the extraordinarily high incidence in the omphalocele group of BWS forcibly suggests that overgrowth of viscera is one predisposing mechanism. This is in keeping with the known incidence (77%) of omphalocele in babies with BWS. 13 We thank Sisters Annona Galliard and Nora Jones for help in tracing cases and pregnancy outcomes.
